Nuclei in the A ≈ 190 mass region show gradual shape changes from prolate through nonaxial deformed shapes and ultimately towards spherical shapes as the Pb region is approached. Exploring how this shape evolution occurs will help us understand the evolution of collectivity in this region. Purpose: The level scheme of the 192 Au nucleus in A ≈ 190 region was studied in order to deduce its deformations. Methods: High-spin states of 192 Au have been populated in the 186 W( 11 B, 5n) reaction at a beam energy of 68 MeV and their γ decay was studied using the YRAST Ball detector array at the Wright Nuclear Structure Laboratory (WNSL), Yale University. Results: Based on double and triple γ -ray coincidence data the level scheme of 192 Au has been extended up to I π = 32 + at an excitation energy of ∼6 MeV.
I. INTRODUCTION
The gold isotopes have only three proton holes with respect to the Z = 82 shell closure, yet the existence of a finite number of valence particles (holes) is able to break the spherical symmetry and introduce deformation. The nuclei with masses A ≈ 190 lie in a transitional region which is characterized by the presence of different shapes in their ground states, such as prolate, oblate, and triaxial. The lighter isotopes are prolate deformed. By adding more and more neutrons, the shape becomes oblate with the quadrupole deformation parameter β 2 [1] taking values β 2 0.15 [2] [3] [4] . A prolate-oblate shape change has been discussed for these nuclei [5] [6] [7] [8] [9] [10] [11] . Recently, the nuclei in this prolate-oblate transition region were described by a potential with similar energy minima corresponding to prolate and oblate shapes [12, 13] . The shape transition phenomenon in the case of the platinum (Z = 78) nuclei starts at around mass A = 192 and persists till A ≈ 200 [14] . These nuclei are understood to have axially asymmetric shapes and they are considered to present the best examples of γ softness throughout the whole nuclide chart [15] .
In the odd-odd 190, 192, 194 Au nuclei two-quasiparticle πh −1 11/2 ⊗ νi −1 13/2 rotation-aligned bands with negative parity are known [16, 17] . These bands are explained in a framework where the two odd particles, an i 13/2 neutron and a h 11/2 proton, are coupled to a γ -deformed core [18] . In the doubly-odd 190 Au well developed triaxial shapes were suggested [17] based on a comparison with total Routhian surface (TRS) calculations [19, 20] .
A partial level scheme of 192 Au including a 20 + isomeric state was reported previously in Ref. [21] . Here we present a level scheme for 192 Au which is extended up to I π = 32 + . We provide a comparison of the experimental data of 192 Au with TRS theoretical calculations.
The experimental procedure is described in Sec. II, while the results are listed in Sec. III and are discussed in Sec. IV.
II. EXPERIMENTAL PROCEDURE
High-spin states of 192 Au were studied at the ESTU tandem Van 192 Au) was calculated to be 570 mb. The emitted γ rays were detected in-beam with the YRAST Ball detector array [22] , which consisted of 7 clover detectors, 16 single-crystal Ge detectors, and 3 LEPs detectors for this experiment. The trigger condition required at least three coincident γ rays to deposit their energy in a Clover or in a single-crystal detector. Approximately 10 7 threefold and higher coincidence events were collected, which were sorted into a three-dimensional histogram using the RADWARE package [23] .
The analysis of the data involved (i) study of the γ -ray coincidence relationships, (ii) angular distribution and linear polarization measurements in order to deduce the spin and parity of the levels, and (iii) γ -ray intensity measurements.
III. RESULTS
In a previous study of 192 Au [21] a partial level scheme was reported. The two-quasiparticle rotational band, which is built on the πh
13/2 configuration, was observed up to I π = 18 − . In the present work this sequence was expanded up to I π = 29 − with the level energy of 5708.2 keV. An
ns, E i = 2153 keV with respect to the 11
− isomer] was established previously [21] . Spin and parity values were assigned to this state in accordance with the systematics of similar structures in the neighboring nuclei, e.g., the 20 + state in 190 Au is an isomer [T 1/2 = 6.9(1) ns, E i = 2172 keV with respect to the 11
− isomer] [21] . In the present work the sequence built on I π = 20 + isomeric state was established up to I π = 32 + and an energy of 6227.6 keV. The level scheme of 192 Au as established from the present work is presented in Fig. 1 . The order of the γ rays is based on coincidence relationships and the measured γ -ray intensities. All transitions that have been observed for 192 Au in the present experiment are presented in Table I , together with the energies, the relative intensities, the DCO (directional correlations from oriented states) ratios, R DCO , the linear polarization ratios, A pol , and the deduced γ -ray multipolarities.
The intensities of all transitions are normalized to the intensity of the 213.4 keV 17 + →15 + transition. The multipolarities of γ ray transitions have been determined from the experimental R DCO and A pol ratios. The R DCO ratio provides information about the spin difference between the levels, while A pol allows one to distinguish between γ rays of electric and magnetic type.
A two-dimensional angular correlation matrix was used to deduce the experimental R DCO ratios,
where G indicates a gating transition, θ i , i = 1, 2, are the angles at which detectors are placed, ε γ i , i = 1, 2 are the detector efficiencies, and I γ i , i = 1, 2 are the measured γ -ray intensities. To construct this matrix, γ rays detected by a ring of seven clover detectors at 90
• with respect to the beam axis were sorted against the other three detectors at 160
• . For the DCO analysis, most of the ratios were obtained when gating on the 408.0 keV stretched quadrupole E2 transition at the bottom of the level scheme in Fig. 1 . If the gate is at a stretched E2 transition, the R DCO ratios are greater than 1.0 for E2 transitions, approximately 0.7 for stretched E1 or M1 dipole transitions, and for mixed M1 + E2 transitions it takes values in between.
The clover detectors, which are positioned at 90
• with respect to the beam in YRAST Ball spectrometer, were used as in-beam Compton polarimeters [24] . At this angle, the polarization is directly proportional to the experimental asymmetry, which is defined as
where N and N ⊥ are the normalized counting rates observed respectively for the coincidences between the Ge crystal acting as scatterer and the horizontal absorber Ge crystal and between the scatterer and the vertical absorber.
In Table I , positive values of the polarization parameter A pol correspond to electric transitions, while negative values reveal pure magnetic transitions. The values for mixed transitions would depend on the dominant component. Information about DCO ratios and polarization coefficients, despite large errors in some cases, was used to fix the spin and parity of most of the levels in 192 Au. Sample spectra, revealing the transitions of the different sequences in 192 Au are displayed in Fig. 2 .
A. Negative parity states in 192 Au
The negative parity states are ordered in two sequences, labeled as 1 and 2. The 11 − state is the band head of the negative parity, rotation-aligned πh 11/2 ⊗ νi 13/2 band. Sequences 1 and 2 are the favored and unfavored signature branches of this band, which were extended up to I π = 29
−
and I π = 28 − , respectively.
B. Positive parity states in 192 Au
Here we report four positive parity bands labeled as 3, 4, 5, and 6 in Fig. 1 , which are built above the 20 + isomer. Two or three transitions were observed for sequences 3, 5, and 6. The first three transitions of sequence 4 were known [17] . It becomes yrast above I π = 26 + and is extended up to I π = 32 + , which is the highest spin state observed in this experiment. Sequence 3 was established in this experiment and was found to decay to sequence 4 via the mixed 497. 
C. Electromagnetic transition probabilities
The establishment of the experimental branching ratios λ, a This transition was confirmed in the electron spectrum of the previous work [21] . b Multipolarities are taken from Ref. [21] .
and the DCO analysis allows the deduction of the reduced transition probabilities B(M1)/B(E2) in the πh 11/2 ⊗ νi 13/2 rotational band, using the approach of Ref. [1] :
where the energies of the γ -ray transitions are given in MeV. In most of the cases, the experimental DCO ratios of the mixed M1/E2 transitions take valuesthat are close to the limit for a stretched transition, with the exception of the 146. we accept δ = 0, this will push these values down and will not change the trend and the conclusions.
The deduced B(M1)/B(E2) ratios of reduced transition probabilities are given in Table II . In Fig. 3 
the B(M1)/B(E2) ratios for the 11
− bands in 190, 192 Au are displayed. The 190 Au are deduced from the γ -ray intensities from Ref [17] . The favored and unfavored sequences are shown with empty and filled symbols respectively.
B(M1)/B(E2) ratios for
The results for both bands are very similar and display a well pronounced odd-even staggering, which vanishes in the backbending region.
Recently, the effect of odd-even staggering of the B(M1)/B(E2) ratios in rotational bands in doubly-odd nuclei was discussed in relation to chiral rotation [25] . Chiral bands were suggested to appear in atomic nuclei with triaxial shapes [26] . Examples for such bands were suggested in the mass A ≈ 130 [27] and A ≈ 100 [28] regions. The staggering of the B(M1)/B(E2) ratios was described in the framework of several models [29] [30] [31] and all of them consider large values of the deformation parameter γ . Similarly, for the mass A ≈ 190 nuclei 190, 192 Au, large values of the deformation parameter γ are expected, based on the observed staggering of the in-band B(M1)/B(E2) ratios.
IV. DISCUSSION

A. Negative parity states
In order to study the evolution of nuclear shapes in 192 Au we employed total Routhian surface (TRS) and cranked shell model (CSM) calculations [19] (see Table III for the labeling convention information for the Routhians used in the calculations). At low angular momenta in the πh
192 Au is expected to take triaxial shapes with deformations β 2 = 0.14, β 4 = −0.04 and γ = −80
• , according to the TRS calculations which are shown in Fig. 4 . In the top panel of Fig. 4 , potential energy surfaces for the eA sequence are shown for different frequencies. A potential minimum is displayed in (a) at γ = −73.5
• (I = 17.8) below the band crossing and in (b) at γ = −68
• (I = 25.7) above the band crossing. In the bottom panel of Fig. 4 , the potential 054305-5 TABLE III. Notations for the Routhians that are used in the text. Single-particle labels are athω = 0.
Notation
Signature label Single-particle label A backbending at similar frequencies and with similar alignment gain is observed throughout this region, e.g., for the neighboring doubly-odd [190] [191] [192] [193] [194] Hg [33] and [186] [187] [188] [189] [190] Au [17, 34] and even-even 190, 192 Pt [32, 35, 36] . In The TRS calculations indicate that the πh 11/2 ⊗ νi 13/2 sequence is built on triaxial shape (γ ≈ −80
• ). The alignment of a pair of quasineutrons drives the shape to oblate (γ ≈ −68
• ). This is in agreement with the observed large scattering of the B(M1)/B(E2) ratios below the band crossing, which diminishes in the crossing region.
The πh
13/2 bands show signature inversion in the N = 107-113 Au isotopes [34] . With the increase of the neutron number triaxial deformations become more pronounced. γ softness and triaxiality have been discussed for the low-lying states of the heavier Au isotopes [17, 32, 34, 37, 38] . The observed signature inversions in the πh 11/2 ⊗ νi 13/2 bands of 188, 190 Au were reproduced by CSM calculations taking into account the nonaxial shape with γ −70
• [17, 37, 38] . In 192 Au CSM calculations for γ = −80
• reproduced the observed signature inversion too (see Fig. 6 ).
B. Positive parity states
The 15
+ states in the doubly-odd 190, 192, 194 Au nuclei are assigned to the πh −1 11/2 ⊗ νi −2 13/2 j , j = (p 3/2 , f 5/2 ) configuration [16] . The 20 + isomers in 190, 192 Au [21] decay to these states.
Two positive-parity sequences (denoted as 3 and 4 in Fig. 1 ) were observed on top of the 20 + isomer, which is assigned to the πh [21] . Similar sequences have been observed in the neighboring 190 Au [17] . Based on TRS calculations these bands were assigned to the eFAB, eFAC, and eFBC configurations. In the case of 192 Au, in most of the sequences only two or three transitions were observed.
More transitions were observed in sequence 4. Based on the similarities of the excitation energies of the levels in this sequence to these in sequence (d) in 190 Au [17] , we suggest that it has the eFBC configuration. Similarly, based on the decay pattern, sequence 3 can be associated with the eFAC configuration.
Parallel to these, two more sequences with positive parity were observed, denoted 5 and 6 in Fig. 1 . Similar semidecoupled structures were observed in 190 Au as well. They are understood to take the πh −1 11/2 ⊗ νi −2 13/2 j, j = (p 3/2 , f 5/2 ) configuration [17] . In 192 Au we suggest that sequences 5 and 6 have the same structure.
V. CONCLUSIONS
In summary, the level scheme of 192 Au was extended up to I π = 32 + and an excitation energy of ∼6 MeV. Rotational sequences, which are built on triaxial shapes (γ ≈ −80
• ), were established. The negative parity rotation-aligned πh 
